Abstract There has been renewed interest for metal-on-metal hip resurfacing due to improved design and manufacturing of implants, better materials, and enhanced implant fixation.
Introduction
Total hip replacement (THR) has proven to be one of the most successful operations in terms of pain relief, patient mobility, and improvement in quality of life, and more than 7,000 hip prostheses are implanted every year in Denmark [1] . However, because of high activity level and life expatiation in younger patients, a conventional THR does not offer an optimal solution due to the risk of premature aseptic loosening leading to multiple revisions.
There has been renewed interest for metal-on-metal hip resurfacing following improved design and manufacturing of implants, better materials, and enhanced implant fixation [2] . It has been proposed that the resurfacing hip prostheses have a lower dislocation rate due to oversized femoral heads [3] , better reproduction of anatomical hip biomemechanics, and easier revision surgery on the femoral side due to preservation of the femoral canal [4] . Clinical studies have demonstrated good short-and long-term results [5] [6] [7] , although femoral neck fracture has been recognised to cause early failures [8, 9] . Despite a documented low wear rate, longevity and long-term effects of metal wear debris are currently unknown [10] .
Until now, only very limited clinical results of the ReCap prosthesis have been reported. Gagala et al. [11] described good short-term results with no significant complications in a group of 25 patients. In contrast to conventional THRs, only few clinical hip resurfacing trials using radiostereometry (RSA) have been reported, and these solely for the Birmingham hip resurfacing arthroplasty [12] [13] [14] .
The purpose of this RSA trial was to describe the migration pattern of a new hip resurfacing system called ReCap (Biomet, Warsaw, Indiana, USA) within the first two years following primary surgery. Since the acetabular component is much like the conventional hip prosthesis, the focus in this paper is on the femoral component, which may show different migration patterns from the conventional THRs in view of its different design. Karrholm et al. [15] have shown that the extent of early implant migration may predict implant loosening; therefore, the endpoint in our study was implant migration two years after hip surgery.
Materials and methods
The design and conduct of the clinical trial were approved by the local ethics committee before patients were included and it was performed in accordance with the Helsinki Declaration II. Informed patient consent in writing was required. Additional permission was granted by the local ethics committee to perform ten double RSA examinations.
The trial was registered before September 13, 2005 in an openly available database in accordance with the directions of the Committee of Medical Journal Editors (ICMJE).
Twenty-six patients (15 men, 11 women; median age 58 years, range 51-63) underwent total hip replacement.
Patients were included if they (1) had primary osteoarthritis, (2) had sufficient bone density to allow implantation of a ReCap prosthesis, (3) had no regular intake of nonsteroid anti-inflammatory drugs (NSAID), and (4) were under 65 years old.
The prosthesis evaluated in this study was the ReCap hip resurfacing system (Biomet, Warsaw, Indiana, USA), which consists of a cobalt chrome cemented femoral resurfacing head and an uncemented titanium non-hydroxyapatite-coated closed-pore porous-coated acetabular component with a cobalt chrome core (Fig. 1) . The Birmingham hip resurfacing arthroplasty and the ReCap prosthesis have many similarities; however, in two aspects they differ significantly. The ReCap prosthesis has an entirely spherical geometry at the non-articulation femoral side, in contrast to the Birmingham hip resurfacing arthroplasty which has a chamfer design. Beaule et al. [16] have shown, that geometry of the femoral component affects the cement mantle thickness influencing the seating of the implant. Furthermore, the recap prosthesis is made of "as cast" cobalt chrome. As-cast materials were determined to have greater abrasive wear resistance when compared to single or multiple heat treated materials [17] .
Two senior surgeons (FMM) at Silkeborg Regions Hospital, Denmark and (TP) at Aarhus University Hospital, Denmark, undertook all operations during a period of two years. An extended posterolateral approach with the patient in a lateral decubitus was used in all cases. Stable fixation of the acetabular component was achieved with a line-to-line reaming, whereas low viscosity cement (implex P bone cement with Tobramycin; Stryker, Hopkinton, USA) was applied to the femoral component to obtain fixation to the femoral host bone. Intraoperatively, four 1.0-mm tantalum markers were inserted in the greater trochanter and four tantalum markers were inserted in the lesser trochanter forming a reference rigid body (Fig. 2) . The femoral components had 1.0-mm tantalum markers at the distal tips, and an additional two placed on pegs at the distal half of the rod provided by the manufacturer. To facilitate optimal visualisation of all three prosthesis markers on both stereoradiographs a slot was made in the femoral neck along the canal made for the rod.
Two stationary radiographic tubes were positioned so the X-ray beams crossed at an angle of approximately 40 degrees. The exposure was set to 150 kV and 3mAs.
Model-based RSA (MbRSA) version 3.2, marker mode (Medis Specials®, Leiden, The Netherlands) was used to calculate the implant migration [18] [19] [20] .
Radiostereometric examinations were done within the first week after surgery and at three months, 12 months, and 24 months after surgery.
Ten patients underwent double examinations to assess the precision of the RSA system. Between the two investigations, the equipment was removed from the location and repositioned before the second session.
Statistics
We performed probability plots to test for normality. A paired t test was used for the statistical analysis, where p< 0.05 (two tailed) was considered statistically significant. The coefficient of repeatability (CR) was calculated as 1.96 times the standard deviation of the difference (d) between the two measurements as a precision measure of the system as described by Valstar et al. [21] .
Based on an estimated clinically significant difference of 0.6 mm and a standard deviation of 0.7 mm between groups [22] , a pre study sample size calculation required 22 patients in each group to achieve 80% power at a 0.05 significance level. Due to the risk of patient drop-out, 26 patients were included.
Statistical analysis was performed with STATA 8 (Stata Corporation, Texas, USA) software package.
Results
One patient was excluded from the RSA because of too few visual tantalum markers on the femoral implant. One patient was revised after ten months following a fracture of the femoral neck. This patient had a lateral translation of more than 0.7 mm (the highest value in the whole dataset) after three months. One patient did not attend radiographic follow-up. Double examinations of ten patients revealed a precision of 0.09-mm translation and rotation of 0.23°along the transverse axis, 0.15 mm and 0.59°along the longitudinal axis, and 0.13 mm and 0.38°along the sagittal axis. Average condition number for the inserted markers was calculated as 70. The calculated migrations in terms of mean translation and rotation were small. Maximum translation was seen along the transverse axis in the medial direction (0.13 mm); see Fig. 3 for explanation of the directions of translation and rotation. No statistically significant translation or rotation was seen between three months and two years (for translation between 0.07 and 0.79, p>0.07; with regard to rotation between 0.08 and 0.46, p>0.08; see Table 1 ). The migration pattern over time for the ReCap hip prosthesis is displayed in Fig. 4 .
Discussion
The results of this study demonstrate an excellent fixation of the ReCap hip resurfacing system at two-years followup. We detected no significant translation or rotation of the femoral component. However, it is important to note that the reported results of the implant migration may be underestimated, since the threshold values of the measuring system are tested to be higher. No specific translation pattern was observed during the observation and no signs of prosthesis migration to 'level off' could be seen at any given time. Furthermore, it is important to remember that even with promising short-term migration results of the ReCap prosthesis, the results of radiostereometric analysis are implant specific and it is not possible to predict whether early results will last another 10-15 years. However, the migration analysis in our study is based on markers attached to the tip of the distal part of the prosthesis.
Therefore an indirect measurement of the migration of the centre of the resurfacing prosthesis is given and this may lead to a biased result. Nevertheless, in comparison, our migration results are similar to the RSA studies of the Birmingham hip resurfacing arthroplasty showing an implant translation of 20 and 22 implants respectively at two- [12] [13] [14] .
No consensus has been achieved on how to report or display the migration results. Recent publications advocate expressing the translation as the mean scalar product of the vector since the mean translation is less informative [23] . RSA guidelines by Valstar et al. [21] advise avoidance of absolute migration values since they are not always normally distributed. However, all RSA studies evaluating hip resurfacing prostheses report absolute values. The study by Glyn-Jones et al. [14] depicts the translation over time with absolute values and SEMs, whereas Itayem et al. [13] shows individual graphs for each implant. Furthermore, an alternative migration axis has been introduced to elucidate specific translation issues with regard to hip resurfacing prostheses [13] . Taking the above-mentioned into account, we decided to report our results in the same manner as the previously published RSA studies relating to resurfacing prostheses to facilitate a direct comparison.
It has been stated that proper preparation of the femoral head and cautious implantation of the resurfacing prosthesis is crucial to minimise the risk of femoral neck fractures [24] . As previously stated, a single implant showed a lateral translation of more than 0.7 mm and distal translation of 0.45 mm within the first three months after surgery, eventually leading to a fracture of the femoral neck at ten months postoperatively. The femoral stem-shaft angle (SSA) of this patient was measured as 128 degrees on the postoperative radiographs. A relationship between SSA and stress forces within the femoral bone during walking has indicated that SSA <130 degrees gives an increased risk of adverse outcome [25] . Whether the fracture was caused by a reduced SSA or was due to an excessive migration leading to a mal-orientated femoral component giving rise to a femoral neck fracture remains unclear. However, a study using the Ein Bild Roentgen Analyse on the Birmingham hip resurfacing arthroplasty demonstrated that prosthesis migration is a good predictor of implant failure even before onset of clinical symptoms or radiological evidence of failure [26] .
In conclusion, the ReCap hip prosthesis shows encouraging results comparable to other resurfacing prostheses with low migration and rotation values; however, the insertion of all resurfacing prostheses requires meticulous surgical technique and specialised instrumentation and even small deviations from the optimal position may lead to short-term failures of the prosthesis.
